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Abstract 
Some papers have been recently presented (Cunto and Saccomanno, 2007; Cunto and Saccomanno, 2008; Saccomanno et al. 
2008) on the potential of traffic microsimulation for the analysis of road safety. In particular, studies have confirmed that the 
reproduction by simulation of user behaviour under different flow and geometric conditions, can identify a potential incident 
hazard and allow to take appropriate countermeasures at specific points of the road network. The objective of this paper is to 
assess the validity of this approach and present a new methodology for investigating road safety issues. A calibrated 
microsimulation model has been developed to analyze vehicle trajectories, and hence vehicle interactions, in some different 
scenarios and verify traffic safety levels. The microscopic model allows the estimation of road safety performance through a 
series of indicators (Crash Potential Index, Deceleration Rate to Avoid Crash, Maximum Available Deceleration Rate, Time to 
Collision, etc.), representing interactions in real time between different pairs of vehicles belonging to the traffic stream. When 
these indicators take a certain critical value, a possible accident scenario is identified. The validation of the proposed 
methodology can be done by comparing the value assumed by safety performance indicators in simulated and real scenarios. The 
microscopic simulation model is also combined with a new video image traffic detection algorithm to detect vehicle trajectories. 
Microscopic traffic flow parameters obtained by video detection are, in fact, used to calibrate the microsimulation model. The 
above described methodology has been applied in the analysis of overtaking maneuvers on single lane for direction fast rural 
roads. Results indicate that the methodology can be useful in the estimation of safety performance indicators and in evaluating 
traffic control measures. 
Keywords: Traffic simulation; traffic safety;  traffic theory. 
1. Introduction 
Several researches have as main objective the study of safety performance on road network identifying and 
applying all kinds of countermeasures useful to decrease accident risks. Inferential statistics are commonly applied 
to historical data to estimate safety. This methodology attempts to link the causes to effects and can be considered as 
a suitable approach; nevertheless, a good knowledge of the dynamics of the events preceding the crash may provide 
a more useful support for implementing appropriate countermeasures. Moreover, the problems of consistency and 
availability of crashes data as well as the methodological challenges posed by the extremely random nature and the 
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uniqueness of accidents have led to the development of complementary approaches to improve road safety 
assessment, such as the observation of traffic conflicts and the use of microscopic traffic simulation. This paper is 
focused on evaluation of road safety performance obtained through a microsimulation model that is calibrated by 
video-taped traffic data. 
The microscopic traffic simulation model presented (TRITONE) provides a framework for different simulation 
modules that can consider both freeway and arterial traffic; different traffic scenarios can be reproduced and 
different behavioral models can be applied.  The model was developed to overcome limitations of many commercial 
traffic microsimulation packages that not being open sourced are unable to modify simulation procedures and 
evaluate traffic safety performances. Traffic safety performances are expressed as indicators (Crash Potential Index, 
Deceleration Rate to Avoid Crash, Available Maximum Deceleration Rate, Time to Collision, etc.), useful to 
evaluate traffic safety levels, representing interactions in real time between different pairs of vehicles belonging to 
the traffic streams. TRITONE intends also to reproduce Intelligent Transportation Systems such as ATMS and ATIS  
producing a coupled modeling of traffic and safety performances.  
In TRITONE traffic components are microscopic and attributes of traffic flow are obtained from individual 
vehicle movements. It is also possible to introduce macroscopic traffic flow relationships by using car following 
models based on macroscopic link characteristics such as free speed and capacity. The optional combined use of 
individual vehicles and macroscopic flow theory has been inspired by the microsimulation model INTEGRATION 
(Van Aerde et al., 1996) that in the past has been considered mesoscopic by some researchers.  
The most common traffic models today are based on the representation of driver behavior regarding car 
following, gap acceptance and lane choice. There are many examples of this type of micro-simulation models such 
as CORSIM, INTEGRATION, AIMSUN2 (Barceló et al., 1994), VISSIM (PTV Planung Transport Verkehr AG, 
2005), PARAMICS, DRACULA and MITSIM (Chandler et al., 1958; Yang and Koutsopoulos, 1996). The success 
of micro-simulation models is related to the analysis of relatively small size networks and consequently their 
application for medium-to-large networks involves an high computation time and effort required for a proper model 
calibration.  
The aim of handling larger networks with relatively small computational times has led to the development of so-
called “mesoscopic” approaches to traffic simulation, which, however, are less accurate in the representation of 
traffic behavior. One of the earliest examples of this approach is CONTRAM (Leonard et al., 1989) which is a 
commercially available package that has been used in England and elsewhere in Europe. Recently some research 
activity focused on the development of mesoscopic simulation models for off-line dynamic traffic assignment, as 
witnessed by the Dynamic Traffic Assignment Project edited by United States Federal Highway Administration. For 
this purpose DYNASMART (Mahmassani et al., 2001) and DYNAMIT (Ben-Akiva et al., 1998) are two significant 
developments. These mesoscopic models provide a path choice mechanism and a network loading method based on 
simplified representations of traffic dynamics (Florian et al., 2005). While CONTRAM, based on static traffic 
assignment models, represents traffic with continuous flow, DYNASMART and DYNAMIT move individual 
vehicles. In literature there is another approach to the network loading algorithm that is based on cellular automata 
theory (Nagel and Schreckenberg, 1992) and has been implemented in the TRANSIMS software, developed by the 
Los Alamos National Laboratories in the USA. There are other dynamic traffic assignment models based on 
macroscopic traffic flow theory developed during the 1950’s (Lighthill and Whitham, 1955). Subsequent 
developments of this approach led to the definition of METACOR (Diakakis and Papageorgiou, 1996) and 
METANET (Messmer, 2000), which are based on a iterative dynamic traffic assignment method. 
TRITONE can be considered a micro-simulation model research-oriented, that, by using a modular structure, is 
capable of reproducing, at request, many different micro and meso traffic sub-models and at the same time 
additionally offering built-in traffic safety performance evaluation . 
The paper is organized as follows. The following section describes the TRITONE basic concepts and the 
theoretical foundation of the model, namely the car-following, lane changing and gap acceptance rules which 
combine analytical and empirical definition of transport operations and traffic behavior on road networks. The 
subsequent section is focused on TRITONE calibration and application on a case study. The paper concludes with 
some comments and practical recommendations. 
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2. Microscopic simulation model 
Some of the data necessary in TRITONE to run a simulation can be introduced directly on an orthophoto or a 
map for an easier representation of the network during the input procedure. Nodes can be placed directly on the 
screen superimposed on the map; the links, that represent uniform road sections, can be easily entered by clicking on 
nodes on the screen and associating properties such as initial node (for direction), length, free flow speed, capacity, 
number of lanes and longitudinal slope. Path flow values can be introduced also on a graphical interface. Other 
optional input can have an important role in the simulation like a temporary reduction in road capacity due to 
constructions or accidents, and traffic control data. 
Another essential input is the distribution of driver attitude and the distribution of vehicles characteristics. 
In the simulation model each driver is categorized into a driving style type with a desired speed function of free 
flow speed. In the simulation each driver will tend to his desired speed consistently with the link free flow speed and 
its driving style category. Users are generated on each path following a normal distribution for the driving style 
resulting in a normal distribution for the desired speed on each single link. The distribution of speeds will be 
centered on the free flow speed, the result is that on each link the free flow speed is the average value for the 
distribution of desired speeds among drivers. 
3.  Simulation of traffic movements 
In TRITONE, drivers following their pre-determined routes interact with other vehicles on the road. The 
simulation maintains a linked list of vehicles in each lane and their space-time trajectories are determined according 
to car following, lane-changing and gap acceptance models.  
The car-following model regulates driver’s behavior with respect to the preceding vehicle in the same lane.  
A free-moving condition occurs when a vehicle is not constrained by another vehicle or if the headway from its 
preceding vehicle on the same lane is more than a pre-defined threshold hf. In this condition the vehicle will 
accelerate or decelerate freely in order to maintain its desired speed.  
In the car-following regime the space headway becomes shorter than hf but longer than a lower threshold hc; the 
vehicle will take a controlled speed which is derived from the relative speed and distance of the preceding vehicle 
according to one of the different car-following models that can be chosen by the user:  
x the Gazis-Herman-Rothery (GHR) (Brackstone and McDonald, 1998) model that is sometimes referred to as the 
General Motor car-following model; 
x the model developed by Gipps (Brackstone and McDonald, 1998); 
x the unsymmetrical GHR model (Brackstone and McDonald, 1998); 
x Van Aerde car following model (Van Aerde et al., 1996), based on macroscopic road parameters like capacity, 
free speed and critical density. 
 
The GHR model is based on a mathematical formulation, which relates acceleration to the speed of the leader 
vehicle, relative speed and spacing between follower and leader vehicles, and driver reaction time. The functional 
form of the GHR model is: 
 
          (1) 
 
where: 
an(t)  is the acceleration of vehicle n at time t; 
vn   is the speed of vehicle n; 
'x               is the relative distance between vehicle n and (n-1); 
'v               is the relative speed between vehicle n and (n-1); 
T                 is the driver reaction time; 
α, β, γ         are constants. 
 
The application of this model implies that the α, β, γ  parameters must be calibrated for a particular network. 
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In Gipps car-following model, when constrained by the vehicle in front, the following vehicle tends to adjust its 
speed in order to obtain safe space headway to its leader. A specific headway is considered safe if it is possible for 
the following vehicle to react to any reasonable leader action without colliding with the leader.  
The speed during the time interval (t, t +T), is  
 
        (2) 
 
where T is the driver reaction time. 
The maximum speed a vehicle can reach accelerating during one time step is  
 
      (3) 
 
where: 
vn                is the speed of vehicle n; 
an
max
         is the maximum desired acceleration of vehicle n; 
vn
d
   
             is the desired speed of vehicle n. 
 
The maximum safe speed for a follower vehicle n at time t is calculated as 
 
  (4) 
 
where: 
dnmax          is the maximum desired deceleration of vehicle n; 
xn               is the position of vehicle n; 
xn-1               is the position of vehicle n-1; 
Ln-1                 is the effective length of vehicle n-1; 
Dn-1                 is the estimation of maximum deceleration desired by vehicle n-1. 
 
The  unsymmetrical GHR model calculates the acceleration rate of vehicle n as: 
  
         (5) 
 
where: 
α±, β±, γ±       are model parameters 
xn                is the position of vehicle n; 
xn-1                 is the position of vehicle n-1; 
vn                 is the speed of vehicle n; 
vn-1                 is the speed of vehicle n-1; 
Ln-1                 is the effective length of vehicle n-1. 
 
If vn≤vn-1 the parameters α+, β+, γ+ are used; otherwise if vn>vn-1 are used  α-, β-, γ-.    
 
The lane-changing model is divided into three steps: (1) generate the lane-changing desires and define the type of 
changing, (2) select the target lane, and (3) change lane if gaps are acceptable.  
There are two types of lane change: mandatory and discretionary. A mandatory lane change occurs when the 
lane-changing has to be carried out by a certain position on the current link. Whether a discretionary lane-change 
can be carried out depends on the actual traffic conditions. An example is a vehicle that would only change lane to 
gain speed if the speed offered by the adjacent lane is higher than a threshold.  
When a vehicle wishes to change lane, it looks for a target lane. Once it has chosen a target lane, it evaluates the 
“lead” and “lag” gaps in its target lane and makes the lane-changing movement immediately if both gaps are 
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acceptable. For discretionary lane-changing, a gap is acceptable if it is greater than a minimum safety distance 
Sn(t+T) which vehicle n wants to gain in case the leading vehicle breaks suddenly. This minimum safety distance 
can be calculated, according to Gipps model, as 
 
   (6) 
 
where: 
Sn(t+T)  is the maximum safe speed for vehicle n with respect to the preceding vehicle at time (t+T); 
bn (<0)   is the most severe braking the driver is prepared to undertake; 
T   is time between consecutive calculations of speed and position; 
Xn(t)             is the position of vehicle n at time t; 
Xn-1(t)             is the position of vehicle n-1 at time t; 
Ln-1                is the effective length of vehicle n-1; 
Ĉ   is the estimate of bn-1 employed by the driver of vehicle n. 
4. Results report and traffic safety performance evaluation 
TRITONE provides individual vehicles’ locations and speeds every 0.1 seconds, and can provide point-based or 
loop-based detector measures on headway distribution, flow, occupancy and speed. A 3D graphical animation of the 
vehicles’ movements can also be shown in parallel with the simulation, giving the user a direct view of the traffic 
condition on the network. TRITONE can also provide some safety performance indicators.  
Safety performance indicators provide a causal or mechanistic basis for explaining complex time-dependent 
vehicle interactions that can compromise safety  (Huguenin et al., 2005; Saccomanno et al., 2008). According to the 
Federal Highway Administration, when properly formulated safety performance measures can provide a useful 
platform from which to identify high risk situations in the traffic stream and guide cost-effective intervention 
strategies. The relationship between traffic safety performance values and the actual risk of crashes still needs to be 
investigated properly and TRITONE allows the users to investigate this relationship by easily evaluating traffic 
safety performances on every possible traffic scenario. The idea would be to use traffic simulation sampling of 
safety performance indicators instead of real traffic scenario data. The validity of this concept must be evaluated and 
assessed following a comparison on real traffic data in different scenarios according to the procedure depicted in 
figure 1. 
 
Figure 1. Assessing the validity of traffic simulation to evaluate safety performance indicators 
TRITONE is a traffic simulation tool that has been designed specifically to allow researchers to develop studies 
that follow the procedure depicted above in figure 1 and any other kind of procedure where the evaluation of traffic 
safety performances is needed. All these research efforts can be useful to assess the validity of using traffic 
simulations instead of real traffic data to conduct safety evaluations and assessments.  
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The convenience of using simulation is quite obvious and if some research works could show the applicability of 
the above concept then it would be possible, by coupling traffic simulation and the use of safety performance 
indicators, to evaluate not only existing scenarios but even alternative scenarios. Engineers would be allowed to 
choose among different traffic circulation schemes or interventions according not only to traffic flow conditions but 
also according to a safety evaluation based on traffic simulation (figure 2). 
Figure 2. The use of traffic simulation to assess safety evaluations on alternative traffic scenarios 
The main assumption that supports the use of safety performance measures is that high risk situations occur 
considerably more frequently than crashes and (given an existing connection between safety performance levels and 
the risk of crashes) statistically reliable results on safety performances would allow to assess crash risk at a given 
point even without the need of historical crash data.  
It is reasonable to assume that in many cases, within the above framework, safety performances could be even 
more reliable than crash data: crashes are very unlikely events and any safety evaluation based on crash numbers 
may be distorted do to the very small data sample, instead, traffic safety performances do not suffer of this problem 
being based on an extraordinary large data sample. 
Most all of the information that can be used to establish if a particular road site is dangerous are related to road 
geometry and vehicle trajectories. It should be noted that vehicle trajectories data at a specific site for a given period 
of time include also all the trajectories of vehicles involved in a crash. 
Crash occurrences can be inferred from vehicles trajectories. If all vehicle trajectories could be known and saved 
in a data base, extracting from this data base just crash occurrences and failing to take into account all other data can 
be seen as the application of a very poor data mining algorithm or the application of an excessive filtering 
mechanism. 
Collecting traffic trajectories from camera images and storing this information in a data base is represented in the 
upper left and right parts image of figure 3. From this data base it is possible to extract just the crash occurrences 
(with too much filtering) or consider every dangerous situation by using traffic safety performances. 
In fact, for example, using crash numbers, many years of data sampling of trajectories at an intersection would be 
synthesized by just the number of crashes occurred during that period of time. This procedure constitute an 
excessive filtering of available information and, even if it is routinely applied by engineers, better data extraction 
methodologies could be designed. Engineers do use crash data numbers routinely because in most cases vehicles 
trajectories cannot be obtained. A more accurate filtering of information could be planned given the information is 
available.  
As extreme case, on a road site where no accident has ever happened, safety performances could be the only way 
to evaluate the risk and connected severity of a possible crash.  
In essence the use of safety performance measures constitutes a proactive approach to road safety studies as they 
allow to detect safety problems even before they result in an actual crash. 
TRITONE can provide the following safety performance measures:  Deceleration Rate to Avoid a Crash, Time to 
Collision, Crash Potential Index, Time Integrated Time to Collision, Post Encroachment Time, Proportion of 
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Stopping Distance, that can well represent traffic interactions among vehicles in a traffic stream and highlight 
potentially unsafe traffic conditions.  
Figure 3. Both some crash data and safety performances can be obtained from vehicle trajectories 
5. Case study: Overtaking on two-lane rural highway 
In order to illustrate the potential of the microscopic simulation model for reproducing real world phenomena and 
traffic safety performance a case study has been investigated: the overtaking maneuvers on two-lane rural highways. 
TRITONE has been developed with a special module designed to reproduce the overtaking mechanism on two-
lane rural highways.  
The overtaking algorithm in TRITONE allows simulated cars to perform an overtaking maneuver when some 
conditions are met, among them: the distance di (figure 4) is at least 4 times the car length, the overtaking vehicle 
has a desired speed above average, distance between the overtaking vehicle and the first opposite vehicle must be 
enough to allow the overtaking maneuver (drivers misjudgments in this measure are not considered, TRITONE does 
not simulate accidents , the underlying logic is that accidents are considered very rare events and no attempt is made 
to simulate them in TRITONE). TRITONE logic evaluates all the conditions for a vehicle to become an overtaking 
vehicle, and if those conditions are met the overtaking maneuver will be started, else the vehicle will take car-
following logic until the overtaking conditions arise. 
All traffic data (From camera view)
Trajectories in time
Severity of crashes
1
2 3 4
Time (one year)
Crash occurence
Time (one year) Time (one year)Time (one year)
Time (one year) Time (one year) Time (one year)
Safety performances
Filtering
Too much 
Filtering Filtering
Vittorio Astarita et al. / Procedia Social and Behavioral Sciences 20 (2011) 226–235 233
Figure 4. Main parameters of overtaking simulation in TRITONE 
 The aim is to reproduce on average the same number of overtaking maneuvers that are completed in the real 
traffic, and hence evaluate road safety performances. 
The calibration of the overtaking algorithm is very important, and for this reason an experimental survey has 
been carried out. The road segment selected for the test is a two-lane undivided rural highway located in Cosenza 
(Italy). The section analyzed consists of a straight stretch of 160 meters. The experimental field was monitored 
during two typical weekday between 9:30 am and 10:30 am, a period coincident with off-peak traffic conditions at 
this location. Traffic flow was observed to vary from 320 vph as a minimum in northbound and to 432 vph as a 
maximum in southbound. Individual vehicle trajectories were recorded by an High Definition digital camera and 
processed by a video image processing algorithm personalized and developed for this research effort. The algorithm 
adopts a background subtraction-based approach for vehicle detection in 0.1 second increments. Since this approach 
is sensitive to background changes (or noise), a median filter technique has been introduced. Individual vehicles are 
detected and tracked using a region-based approach, whereby  a connected zone (or blob) is assigned to each image, 
which is then tracked over time using a cross-correlation measure. In case of overlapping, where the designated blob 
may correspond to several vehicles, a real time sub-routine is accessed that manually discriminates each constituent 
vehicle’s specific position within the blob. Output from the algorithm application is expressed in terms of several 
trajectory descriptors over time, such as position and speed. 
Position and speed profiles obtained by processing the video images are assumed to provide “true” benchmark 
values for assessing the accuracy of the TRITONE microscopic simulation model. 
On the basis of the described methodology and with a preliminary empiric calibration of TRITONE, it has been 
possible to verify that TRITONE reproduces with an adequate goodness of fit vehicles interactions (car-following 
and number of overtaking maneuvers). Another important result has been that the evaluation of traffic safety 
performances in the described two-lane rural highway overtaking scenario depends mainly on the number of 
overtaking maneuvers. The preliminary practical result is coherent with the intuitive expectation that a complete 
abolition of overtaking maneuvers would affect positively safety. 
At the same time a complete abolition  of overtaking would deteriorate traffic flow conditions and level of 
service. The practical result is a trade-off between traffic safety level and traffic flow level of service. Every 
intervention that would reduce the number of overtaking maneuvers would make at the same time the road safer and 
slower. TRITONE and other microsimulation models that can allow researchers to estimate both safety parameters 
and traffic conditions may reveal as a practicable method to investigate this topic and evaluate the optimal level of 
overtaking on two-lane rural highways. 
In figure 5 some safety performance variables (DRAC, MADR) are shown as a function of time for two 
overtaking maneuvers reproduced by microsimulation. The overtaking vehicles (nr. 38 and 34) are depicted (above) 
traveling on the opposite lane, respectively, at time 188 (sec) and 170 (sec) just before completing the maneuver. 
The graphs (below) showing a well known safety performance parameter (Cunto and Saccomanno, 2007; 
Saccomanno et al., 2008) demonstrate how overtaking maneuvers account for almost all the violation of DRAC 
traffic safety performance threshold that occur in traffic flowing according to this scenario. Figure 5 values are 
based on real vehicle trajectories. 
These preliminary results show that with TRITONE support the estimation of safety performance indicators. The 
case study involves an application on a rural highway; however, TRITONE can be applied to analyze traffic 
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conditions and vehicle interactions in different geometric elements of a road network such as, for example, 
signalized intersections or roundabouts. 
 
Figure 5: Safety performance variables in overtaking maneuvers. 
6. Conclusions 
This paper describes a microscopic simulation model (TRITONE) giving a description of its basic features and 
principles and presents an application of this model to a two-lane undivided rural highway in order to estimate some 
safety performance indicators. Differently from many other traffic microsimulation packages, TRITONE allows the 
choice among different car-following behavioral models regulating individual vehicles’ movements. It tracks also 
vehicles along pre-specified routes from origin to their destination, rather than junction-by-junction turning 
percentages. The most used microscopic simulation models within the scientific community have not included a 
specific module to analyze crash occurrences and near misses, and thus these models can only replicate disruptive 
driver behaviors with a certain level of accuracy and detail. TRITONE represents a contribution to the development 
of new tools designed for evaluating road safety levels. The development of more complete microscopic traffic 
algorithms, that account for a wider range of behavioral attributes related to misjudgments of speed and distance or 
incorrect decisions, due to inexperience and motivational factors, constitutes a valid support for adopting the 
microscopic simulation in safety studies. Microscopic traffic simulation is an important tool for traffic analysis, 
particularly in the presence of intelligent transportation systems (ITS). However, to analyze traffic phenomena 
through detailed representation individual vehicle/driver behaviors, it is necessary  a rigorous calibration and 
validation of the models to reproduce with a good  fidelity the real phenomena.  
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